Integration of pines into the large scope of plant biology research depends on study of pines in parallel with study of annual plants, and on availability of research materials from pine to plant biologists interested in comparing pine with annual plant systems. The objectives of the Pine Gene Discovery Project were to obtain 10,000 partial DNA sequences of genes expressed in loblolly pine, to determine which of those pine genes were similar to known genes from other organisms, and to make the DNA sequences and isolated pine genes available to plant researchers to stimulate integration of pines into the wider scope of plant biology research. Those objectives have been completed, and the results are available to the public. Requests for pine genes have been received from a number of laboratories that would otherwise not have included pine in their research, indicating that progress is being made toward the goal of integrating pine research into the larger molecular biology research community.
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Introduction
The growing world population places increasing pressures on all natural resources, including forests, as a larger population tries to meet its needs from a constant land base.
Demands for forest products such as paper and timber typically increase as nations undergo industrial development, and at the same time, growing populations require more land for housing and agriculture. Forests serve important environmental and ecological roles, as well as providing forest products, and a diminishing area of forested lands is available to meet those needs as well. Forest lands are increasingly divided into two categories; intensively managed plantations for production of industrial raw materials, and lightly-managed natural reserves for protection of natural forest ecosystems. Application of the most advanced methods to forest regeneration and silviculture will be essential to maximize the sustainability and productivity of plantation forests, so that reserve lands can be managed primarily for environmenal benefits.
The most important tree species for plantation forestry in the U.S. is loblolly pine (Pinus taeda L.); over 1 billion loblolly pine seedlings are planted every year in the southeastern U.S. Much progress has been made in the past few decades in understanding the basic genetic and physiological mechanisms that underlie plant growth and productivity, and There are two ways of viewing the comparative analysis of DNA sequences. The first is as a means of pulling together, and finding relationships between, apparently unrelated observations from a variety of species. The second is in extending the observations made on intensively-studied species by generating hypotheses about species that are less wellknown. DNA sequences are required in both cases, and this has given rise to a widespread movement in biology to obtain DNA sequences from many different organisms. It has been said that the determination of DNA sequence of expressed genes, as a first step, and of the complete genome, in the final phase, is an important and worthwhile goal for every organism of significant ecological, scientific, or economic value. This is equally true for organisms that are not convenient experimental systems as for those that are -for loblolly pine as well as for Arabidopsis, dairy cattle as well as mice. The integrative function of bringing together physiological observations on pine, cattle, Arabidopsis, and mice is The tissues and organs used for the Pine Gene Discovery Project were differentiating secondary xylem, elongating shoot tips, and maturing male strobili, or pollen cones.
Secondary xylem, or wood, is one of the dominant features of pine biology -the dominant role of trees in forest ecosystems is due to the woody stems that allow them to compete for light by growing to greater heights than herbaceous annual plants. Wood is also an important industrial raw material, leading to interest in changing wood properties in trees harvested for industrial processing. Tree improvement in the past forty years has focused largely on increasing productivity and form, rather than changing wood properties. The rate of tree growth and overall tree form are heavily influenced by the growth rate and form of elongating shoot tips, because the shoot tip gives rise to all the aerial portions of the plant. Vegetative growth, such as occurs in shoot tips, is distinct from reproductive growth and differentiation. Reproductive tissues, such as the male strobili or pollen cones, may express a very different subset of genes from vegetative tissues, including genes that may be involved in controlling the onset of reproductive maturity and the degree of fertility.
Objectives
The objectives of the Pine Gene Discovery Project were to:
1. Obtain 10,000 partial DNA sequences of genes expressed in loblolly pine, 2. Compare those sequences to previously-described gene and protein sequences in the public sequence databases, and 3. Make the sequences, the results of analysis, and the cloned genes available to plant biology researchers.
The long-term goal of the Pine Gene Discovery Project was to stimulate molecular biology and genetic research on loblolly pine, by providing essential reagents and information to industry and academic scientists.
Materials and Methods
Libraries of pine genes expressed in different tissues and organs were prepared using two Plasmids were purified from 1.2ml E. coli cultures grown in 96-well format, using a modified alkaline lysis system (REALprep, Qiagen) according to the manufacturer's instructions. DNA sequencing reactions were carried out with dRhodamine dye-terminator reaction mix (ABI), purified by gel filtration on Sephadex G-50, and analyzed on an ABI 377 sequencer. Some DNA sequences were also determined using a Licor 4000 model sequencer and dye-labeled primers. DNA sequence analysis was carried out at the University of Minnesota Computational Biology Center, using software developed there.
Results
The results of this project were:
1. A total of 10, 309 partial DNA sequences were obtained from pine genes expressed in three different tissues and organs. The genes were obtained from immature pollen cones (1,745 sequences), differentiating secondary xylem (1,969 sequences) and elongating shoot tips (6,595 sequences). 
Discussion
The original research plan specified that the cloned pine genes would be submitted to the American Type Culture Collection for long-term storage and dissemination to the research community. This was not successful. ATCC stopped responding to inquiries regarding submission of clones from the Pine Gene Discovery Project shortly after the project period began, and has never acknowledged any further attempts at communication since. This was taken to mean that ATCC was not willing to undertake the acquisition of a large number of cloned genes which would require substantial investment for storage and dissemination, in the absence of a strong demand for the genes and a large community of users willing to contribute to the support of the ATCC. As a result, the Principal
Investigators have taken on the responsibility of distributing cloned genes from this project. There have been several dozen requests for cloned genes over the course of the project, and requests are still filled periodically.
